Abstract-With the rapid development of solar energy, effective safety monitoring and fault diagnosis technologies for photovoltaic generation system are urgently needed. According to the collected local station data, traditional technologies still have some deficiencies in fault diagnosis and fault location. In this paper, the safety monitoring and fault diagnosis technology based on the photovoltaic cloud data platform is put forward, which will increase the safety, stability and economic operation level of photovoltaic power plants. The advantages of the proposed technologies are prospected as well. The photovoltaic cloud data based method will be an important development trend for safety monitoring and fault diagnosis of photovoltaic power plants.
I. INTRODUCTION
As global energy and environmental issues become increasingly prominent, China is facing with multiple pressures such as economic development, resources and environment. How to actively promote the strategic transformation of energy structure and develop renewable energy have become an important direction for energy development of China, and even the whole world. Solar energy is an important part of renewable sources. At present, photovoltaic (PV) power generation is the main form of solar energy and has been widely used in social production. PV generation systems include two types: the centralized ones and the distributed ones. By the end of 2016, the installed capacity of PV power generation had reached 77.42 GW, accounting for 4.7% of the total power installed capacity. Only in the first half of 2017, the installed capacity of the new PV power generation was 24.4 GW and the national PV power generation capacity reached 102 GW. Among them, the centralized PV power plants reached 84 .39 GW, and the distributed ones reached 17.43 GW. After more than 10 years of development, China's PV installed capacity has ranked first in the world.
PV generation system is characterized by a simple structure and a large number of devices, which occupy a wide area. In general, the system consists of infrastructure such as PV modules, PV stents, combiner boxes, inverters, boosters, AC/DC devices, reactive power compensation devices, energy storage devices, and some auxiliary equipment such as environmental monitoring devices, and power prediction devices, etc. [1] . At present, the life span of PV modules is about 25 years. However, PV power plants are always installed in harsh environment, resulting in a significant reduction in their actual service life. In addition to being affected by the natural environment (e.g. clouds, typhoons, fallen leaves), PV plants are also facing with problems such as self-aging, mismatched PV modules, faults of AC / DC lines, and so on. Any fault of the power generation equipment will affect the normal operation of the PV power plant, and reduce its revenue. Therefore, it is necessary for PV power plants to implement safety monitoring and fault diagnosis technologies. By monitoring the operating status of devices, it can detect the symptoms of the fault in a timely manner. Moreover, fault diagnosis techniques can help achieve rapid fault analysis, location, and maintenance when a fault occurs. The safety monitoring and fault diagnosis technologies are effective technical means to support the healthy, economical and steady development of PV power generation industry.
II. RESEARCH STATUS OF SAFETY MONITORING AND DIAGNOSIS TECHNOLOGIES FOR PV GENERATION SYSTEM
The most common faults of PV power generation system are faults of PV array and faults of grid-connected inverters. At present, the fault detection methods of inverters are relatively mature. While due to the complex causes, it is difficult to locate faults of PV array accurately. Therefore, the researches on fault diagnosis of PV power plants mainly focus on fault diagnosis of PV arrays. The research methods for fault diagnosis of PV arrays were divided into infrared image analysis method, circuit structure method, electrical measurement method, mathematical model method, and intelligent detection method [2] .
A. Infrared Image Analysis Method
The principle of the infrared image analysis method is when a hot-spot occurs, the temperature of the panel will increase. The infrared image of the panel is recorded with an infrared camera, and then the image is processed and analyzed to determine the fault location of the PV array. Literature [3] proposed to extract feature information of suspected fault region of the PV arrays based on infrared images, and then use information fusion and fuzzy inference method to realize the automatic identification of various working status of the PV arrays.
The infrared image method can achieve accurate positioning of PV array faults, but there are still some shortcomings. On the one hand, high-resolution infrared cameras are needed, which greatly increases the cost of the system. On the other hand, infrared images are easily affected by the environment factors, and the status cannot be distinguished if the temperature difference is not obvious. In addition, the real-time performance of this method is poor, and it does not have fast detection and diagnostic capabilities.
B. Circuit Structure Method
The circuit structure method is also called multi-sensor method. It transmits the real-time information data through the sensors installed on the PV arrays, and analyzes the collected data to determine the fault type and fault location. The Egypt Electron Institute analyzed the impact of PV arrays with different series and parallel structures on the output power of system when a fault occurs, and proposed a new PV array structure to improve the operational reliability of the PV system [4] . China University of Mining and Technology converted PV arrays into matrices according to graph theory. It proposed an optimal sensor placement method that allowed voltages to cover all the weight nodes [5] [6] . This method greatly reduced the number of required sensors, but due to the irregular placement of sensors, the fault location conditions were quite complex. It was not suitable for fault monitoring and diagnosis of large-scale PV power plants. Tianjin University proposed a new type of PV array structure, in which PV cells were first connected in parallel, then connected in series, and the current sensors were added to the series circuit at the same time. The location of the shaded PV cells could be detected by comparing the current of the PV cells. Moreover, scholars combined data fusion theory and expert database to determine whether the PV array has hot spots [7] .
Based on the circuit structure method, the system installation process is complicated and the number of required sensors is huge, which will greatly increase the system cost.
C. Electrical Measurement Method
The electrical measurement method is a relatively simple test method for fault diagnosis of PV power plants. It is based on three forms.
1) Diagnostic method based on measured I-V curves
References [8] and [9] proposed to measure the I-V curves of PV system, and then compare the measured curves with theoretical curves to determine if the PV system is faulty. References [10] and [11] combined parameters such as ambient temperature, solar temperature, and component temperature to correct the I-V curves, further improving diagnostic accuracy.
The diagnostic method based on the measured I-V curves is simple and has no effect on the operation of PV arrays. However, this method can only diagnose some simple faults, and cannot realize fault location.
2) Diagnostic method based on time domain reflectometry (TDR)
TDR is an effective method for measuring and locating the impedance discontinuities in transmission lines [12] . Photovoltaic Research Center of Japan introduced TDR into PV fault diagnosis. By comparing the signal of the input transmission line with the reflection signal generated by the impedance mismatch in the transmission line, the signal delay and waveform change were transformed into fault position and fault type in the line [13] .
TRD method can use the original monitoring equipment of PV system, and is more direct and simple than other methods. But its disadvantage is that the system must be powered off when the fault is detected. In addition, it is easily affected by the installation environment.
3) Diagnostic method based on earth capacitance measurement (ECM)
The principle is to determine the distance from the starting point to the fault point by calculating the ratio of the earth capacitance of the fault point to the earth capacitance of the entire circuit [14] . ECM method is not affected by solar radiation, but the earth capacitance of the PV module is related to its shape and characteristics. Therefore, this method requires the shape and characteristics of the PV modules in the array must be identical, otherwise the detection accuracy is not high. Besides, as with the TDR method, power outages are required during fault detection.
D. Mathematical Model Method
The mathematical model method is based on the circuit equivalent model of PV modules for analysis and calculation. According to the original factory parameters of components, the model parameters under standard conditions are obtained. Then combined with the environmental parameters, the prediction model and circuit model are established [15] . Before 2000, the Energy Research Centers of Germany, France, Japan and India designed the component prediction models under different environmental parameters by analyzing the relationship between PV cells and environmental factors. And the actual acquisition data and the model data were compared to detect the array faults [16] .
The mathematical model method does not require additional testing equipment, but due to the diversity of PV system faults, the model establishment is complex Moreover, this method is difficult to distinguish the fault types, and the fault location cannot be achieved.
E. Intelligent Detection Method
The fault diagnosis technology based on intelligent detection method is through artificial neural network theory such as neural network and fuzzy expert system to find out the corresponding relationship between fault status and fault causes [17] . Hasanuddin University, EGE University and Kumamoto University proposed a PV fault diagnosis method using a three-layer feed-forward neural network [18] . Shanghai University designed a PV fault diagnosis method based on BP neural network. It used L-M (Levenberg-Marquardt) algorithm to improve the network convergence speed and increase the training accuracy of the network. This method adopted the maximum power point voltage and current, short-circuit current, and open-circuit voltage as the neural network input. Through training, four types of faults including open circuit, short circuit, abnormal aging, and local shadow can be detected, and the faulty module can be quickly found [19] . Hohai University proposed a fault diagnosis model based on improved evidence similarity and data fusion method [20] . Pisa University and Granada University put forward a PV fault diagnosis system based on the Takagi-Sugeno-Kahn fuzzy model. The instantaneous power was estimated according to the PV operating environment and compared with the actual output power to determine the fault [21] .
The intelligent detection method does not rely on complex models. Through in-depth data mining and analysis, fault detection and location are achieved. However, this method requires abundant sample data and experience to achieve highprecision diagnostics. Under the existing conditions, the determinism and stability of intelligent algorithms are relatively poor.
The features of the above PV fault diagnosis methods are summarized in Table 1 . At present, safety monitoring and fault diagnosis methods for PV power plants are mostly based on the acquisition and analysis of the equipment information in the stations. There are certain deficiencies in the accuracy, economical efficiency, stability, and system safety of fault diagnosis and positioning, unable to meet the growing demand for the development of PV power plants.
III. SAFETY MONITORING AND DIAGNOSTIC TECHNOLOGY BASED ON PV CLOUD DATA PLATFORM

A. PV Cloud Data Platform
With the leap-forward development of new energy sources, the monitoring and diagnostic data generated during the operation and maintenance of PV power plants have grown explosively. Along with it, the application of PV cloud data platform technology in PV power plants is developing rapidly. The PV cloud data platform technology is a parallel computing model based on the internet. It adopts cloud computing, cloud storage, and cloud analysis technologies to realize on-line data acquisition, storage, calculation, analysis, and diagnosis of PV power plants. Need a large number of typical and effective sample data as support.
Expert System
The diagram of PV cloud data platform based on the internet is shown in Fig.1 . In the PV cloud data platform, meteorological data, environmental data, energy information, electricity market information, power grid information and load information are integrated to carry out rapid processing, deep mining, analysis, sharing, and application of massive data. The platform provides comprehensive and effective learning samples for intelligent fault diagnosis of PV modules, which help improve the accuracy of fault diagnosis and positioning. Wuhan University put forward a PV plant fault diagnosis system based on cloud computing, and formed an intelligent distributed structure system. The system took the PV cloud fault diagnosis center as the core, the optical fiber transmission network as the architecture, the factory-level automatic monitoring system as the foundation, and the basic data processing platform as the carrier. In the system, the MapReduce programming model was adopted for fault diagnosis data processing and parallel computing to extract the fault features existing in the real-time monitoring data [22] . 
A. Development Trend
More and more PV power plants are interconnected through network information and communication technologies. The PV cloud data platform provides technical supports for monitoring and management of large-scale PV power plants. Therefore, the safety monitoring and fault analysis technology based on cloud data platform will be an important development trend for PV power plants. With the PV cloud data platform technology, it will meet more development needs of PV plants, summarized as follows:
1) Carry out source-grid information analysis based on PV cloud data to integrate PV power plants and power grids in the safety monitoring and diagnostic process, which could improve the system safety of PV power plants.
2) Train a complete PV plant data sample with the help of the internet to improve the accuracy of various fault diagnosis and reduce the cost.
3) Establish a safety evaluation system for PV power plants through classification, integration and analysis of massive cloud data, and implement safety auxiliary functions such as safety warning.
IV. ADVANTAGES OF SAFETY MONITORING AND DIAGNOSTIC TECHNOLOGY BASED ON PV CLOUD DATA PLATFORM
With the help of internet-based cloud data, safety monitoring and diagnosis technologies for PV system will be improved.
A. Improve the System Safety of PV Power Plants
With the increasing penetration rate of PV power generation, its impact on the power grid continues to grow. The safety monitoring and fault diagnosis system should fully consider the interaction between the PV power plants and the power grid system. If only the local faults in the station are handled, it may cause more serious consequences. Take reactive power compensation as an example for analysis. PV power plants usually configure a certain proportion of reactive power compensation devices to ensure the qualified output voltages. However, the bus voltages are affected by the operating parameters of power supply. The reactive power compensation in the station is difficult to achieve optimal results. Once a fault occurs in the station, it may generate excessive compensation and cause a secondary fault on the grid. If the power system parameters are analyzed according to the cloud data, the reactive power compensation capacity can be adjusted reasonably, and avoid this phenomenon.
As another example, since power electronic devices are installed in PV power plants, a large amount of harmonics are generated. The harmonic indicators of a certified single inverter can meet the requirements of power operation, but due to the superposition of harmonics, it may cause excessive harmonics in the area containing a large number of PV power plants. It is difficult to locate this type of fault by monitoring a single PV plant, and additional isolation and control equipment are needed to eliminate the effect. Based on the cloud data on the PV cloud platform, the cause of the fault can be easily found. In addition, multiple harmonic sources are regulated according to their characteristics to achieve group control and harmonic elimination, ensuring the safe operation of PV power plants.
B. Improve Pre-judgement Capability of PV Power Plants
The existing system emphasizes post-fault analysis and positioning, but lacks effective means of fault prediction. PV cloud data from the multiple interconnected PV plants provides technical supports for fault early warning. When using the model method to judge PV faults, the PV cloud data can provide historical power generation data and corresponding operating environment data to improve the model's adaptability to environmental factors. At the same time, the PV cloud data platform can also provide information of other power plants that has high similarity with the monitored one. It will improve the model's fitness to component attenuation and aging factors. With the operation data and environment data on the PV cloud platform, a PV power plant model based on the operating characteristics and external environment can be established, which helps conduct high-precision on-line simulation and trend analysis of PV power generation. Therefore, it is possible to predict faults based on the cloud data, preventing further development of faults. Fig.2 shows the fault diagnosis flow based on PV plant model and PV cloud data platform. 
C. Construct a Reasonable Safety Evaluation System for PV Power Plants
The safety evaluation system plays an important role in the design, operation and valuation of PV power plants. Due to the limited data monitored by an isolated PV power plant and the various causes of faults, it is difficult to make a comprehensive and reasonable safety assessment for the PV plant. With the internet-based PV cloud data, the types, causes and consequences of the faults in each PV power plant are analyzed and recorded, and the faults are correlated with environmental and equipment aging factors. Combined with intelligent algorithms, PV faults' expert system and decision system can be formed. Based on the PV cloud data, a full life cycle safety evaluation system will be established, whose functions include plant construction, equipment selection, fault classification, and so on. The evaluation system can guide the construction, modification and operation of PV plants, thereby improving the safe and economic operation of the power station at different stages.
D. Form a Self-monitoring Management System for
Distributed PV Power Plants Distributed PV power plants are an important form of PV power generation. They are characterized by small scale and scattered construction. Due to economic considerations, only simple monitoring equipment is installed, which poses a great risk to the safe and stable operation of the PV power plant. The internet-based PV cloud data platform provides a costeffective monitoring and management tool for distributed PV power plants. The data collected by distributed PV acquisition devices are uploaded to the internet PV cloud. Then, the upper-level cloud implements safety monitoring and fault diagnosis in a unified manner, and improves the operational safety of distributed PV power plants on the basis of balanced economy.
V. CONCLUSION Effective safety monitoring and fault diagnosis technologies can improve the safe and stable operation of PV power plants. In addition, it will contribute to the good integration of PV power plants and power grid, promoting the scaled and healthy development of PV power generation. The safety monitoring and fault diagnosis technologies based on local information still have some deficiencies in ensuring system security, fault early warning and fault diagnosis accuracy. The development of PV cloud data platform technology provides comprehensive and effective data support for PV safety monitoring and fault diagnosis technologies. With the PV cloud data platform, the safety control between PV power plants and the power grid can be more coordinated, and the fault diagnosis and positioning can be more reliable and accurate. The combination of safety monitoring, fault diagnosis technologies and internet-based cloud data analysis will increase the safety, stability and economic operation level of PV power plants. It is an important development trend of safety monitoring and fault diagnosis technologies for PV power plants.
